Motor proteins are key players in intracellular transport processes and biological motion. Theoretical modeling of these systems has been achieved by the use of step processes on one-dimensional lattices. After a comprehensive introduction to the total asymmetric exclusion process and some analytical tools, we will give a review on different lines of research attracted to the aspects of this systems. We will focus on the generic properties of a coupling between the exclusion process and Langmuir bulk kinetics that induce topological changes in the phase diagram and multi-phase coexistence.
Introduction
The identification of motion as a manifestation of biological life dates back to the earliest records of science itself. The Greek physician Erasistratos of Ceos studied biological motion on the length scale of muscles already in the 3rd century BC. He imagined muscles to function in the way of a piston contracting and relaxing from pneumatic origin. It was not until the invention of the microscope in the 17th century by van Leeuwenhoek that this theory could be devalidated with Swammerdams observation that muscles contract at constant volume.
Concerning biological motion on a microscopic scale, scientists favored concepts of "living forces" for many centuries until this was finally ruled out by the observations of the Scottish botanist Robert Brown in 1828 who found all kind of matter to undergo erratic motion in suspensions. A satisfactory explanation was provided by Einstein in 1905 by the interaction with thermally fluctuating molecules in the surroundings. However, the molecular details remained unknown in the fog of low microscope resolution. Modern experimental techniques [1] have lately revealed the causes of sub-cellular motion and transport.
Today we know that every use of our muscles is the collective effort of a class of proteins called myosin that "walk" on actin filaments. Generally spoken, we refer to all proteins that convert the chemical energy of ATP (adenosine-triphospate) in a hydrolysis reaction into mechanical work as molecular motors. These motors are highly specialized in their tasks and occur in a large variety: ribosomes move along mRNA strands while translating the codons into proteins, dynein is responsible for cilia motion and axonal transport, and kinesins play a key role in cytoskeletal traffic and spindle formation (for an overview see [2] and references therein).
While the exact details of the molecular structure and function of motor proteins [3] remain a topic of ongoing research, on a different level attention was drawn to phenomena that arise out of the collective interaction of many motors. Early research along this line was motivated by mRNA translation that is managed by ribosomes. Ribosomes are bound to the mRNA strand with one subunit and step forward codon by codon. The codon information is translated into corresponding amino acids that are taken up from the cytoplasm and assembled into proteins. To increase the protein synthesis many ribosomes can be bound to the same mRNA strand simultaneously. This fact might induce collective properties as was first realized by MacDonald [4] who set up a theoretical model for the translation of highly expressed mRNA. The importance of effects caused by the concerted action of many motors can be deduced from a very simple example that has yet drastic consequences: the slow down of ribosomes due to steric hindrance caused by another ribosome in front -comparable to an intracellular traffic jam that might significantly slow down protein synthesis.
A theoretical approach to collective phenomena in intracellular traffic will try to simplify the processes of molecular motion down to a single step rate rather than focus on the chemical or mechanical details on the molecular level of motor steps. Then it becomes possible to model and analyze the behavior of several motors with the tools of many-body and statistical physics. We will start this review with a short introduction on this single step model in Sec. 2 before we introduce the total asymmetric exclusion process (TASEP) as a theoretical model for intracellular transport. Sec. 3 describes the stationary states and density distributions and their phase diagram as a function of boundary conditions. After a review on several recent extensions in Sec. 4, we will focus on the competition of TASEP and bulk dynamics in Sec. 5. Before concluding, Sec. 6 contains further recent developments.
Model and Methods
In the quest for a theoretical model for the motion of molecular motors the first and simplest choice may be the use of a Poisson process. The "Poisson stepper" is assumed to be an extensionless object advancing stochastically in discrete steps along a one-dimensional periodic lattice. The process is uni-
